M w@p ﬁ%’? %P\m}ze;om

Unione

“sitidy: Firefighters face higher cancer rates

Study: Firefighters face higher cancer rates

By JAMES WALKER

jwalker@thestamfordtimes.com

REGION — One of the most dangerous occupations in the world is becoming even more hazardous for
its workers — but a new study suggests that the people we expect to protect us are not being adequately

protected against the risks of their profession.

A study released by the University of Cincinnati has determined that firefighters are at a greater risk of
developing four different types of cancer than the general population — and also suggests the protective
equipment firefighters are using is insufficient in protecting them against cancer-causing agents.

In a report by the university's environmental health department, researchers found that firefighters are
twice as likely to develop testicular cancer and have significantly higher rates of non-Hodgkin's
lymphoma and prostate ¢ancer than people in other professions — and overall found 10 cancers that

were either possibly or probably related to firefighting.

The report also confirmed previous findings that firefighters are at greater risk for multiple myeloma,
which is a cancer of the bone marrow for which there is currently no known cure.

' The research is the largest comprehensive study to date investigating cancer risk associated with
working as a firefighter and concludes that firefighters need better protection on the job.

The findings were published in the November issue of the Journal of Occupational and Environmental
Medicine.

Dr. Andrea Ruskin, a hematologist and oncologist at the Whittingham Cancer Center at Norwalk |
Hospital, said while "it's nothing that has caught our eye, it's no surprise. .

"They are exposed to so much," she said. Ruskin said firefighters' exposure to certain carcinogens can
have a devastating effect on their health. :

"They can get DNA damage," she said. However, Ruskin said not every ﬁreﬁghter on the job will get
~ cancer, much the same as that not every smoker will develop lung cancer.

"It's a combination of exposure and genetic predisposition,” she said.

http://access.thehour.com/content_printstory. php?link=htip%3A%2F%2Fwww.thestamfor...  2/16/2007
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Research shows that environment, including diet and lifestyle, causes up to 90 percent of all cancer.

The team of researchers at Cincinnati analyzed information on 110,000 firefighters from around the
nation - most of them full-time, white male workers — from 32 previously published scientific studies.

Rescarchers believe there is a direct correlation between the chemical exposures firefighters experience
on the job and their increased risk for cancer.

Fzre Chief Denis McCarthy said there have been "dramatic changes” in the equipment that firefighters at
the Norwalk Fire Department use for protection.

McCarthy said during the past 10 years, there have been significant upgrades in the breathing apparatus
firefighters use, which went from "one-size-fits-all" to a custom fit. New regulations also have prevented
recontamination by adopting standards to clean firefighters' "turn-out gear," which are the coats, pants
and helmets firefighters wear; and all fire stations are equipped with diesel exhaust removal systems.

According to the study, firefighters are exposed to many compounds that the International Agency for
Research on Cancer has designated carcinogens. These include benzene, diesel engine exhaust,

chloroform, soot, styrene and formaldehyde.

- The substances can be inhaled or absorbed through the skin and occur both at the scene of a fire and in
the firechouse -— where idling diesel fire trucks produce exhaust.

"Stations are not only living quarters, but it's a garage, too," McCarthy said. "We have the latest standard
for protection against airborne agents."

Researchers at Cincinnati studied the risk for 20 different cancers.

The epidemiologists found that half the studied cancers — including testicular, prostate, skin, brain,
rectum, stomach and colon cancer, non-Hodgkin's lymphoma, multiple myeloma and malignant
melanoma — were associated at varying levels of increased risk with firefighting.

Researchers found firefighters have a 100-percent higher risk of developing testicular cancer, a 50-.
percent higher risk for multiple myeloma and non-Hodgkin's lymphoma, and for prostate cancer it's a

28-percent increased risk, compared with nonﬁreﬁghters

"There's a critical and immediate need for additional protective equipment to help firefighters avoid
inhalation and skin exposures to known and suspected occupational carcinogens," said Dr. James
Lockey, a professor of environmental health and pulmonary medicine at Cincinnati, and the lead
researcher of the study. "In addition, firefighters should meticulously wash their entire body to remove

soot and other residues from fires to avoid skin exposure."

Lockey said that firefighters exposure to carcinogenic toxins "occur not when they are in the fire, but
when they are in the vicinity of the fire."

According to information from the American Cancer Society, workplace exposure is often cons1derably
higher than general environmental exposure. And while the society does not play a direct role in
classifying or identifying carcmogens it does provide information and guidance on environmental

cancer risks.

http://access.thehour.com/content_printstory.php?link=http%3A%2F%2Fwww.thestamfor... 2/16/2007
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The effect of environmental exposure was brought‘home in a recent report that found that nearly 70
percent of rescue personnel and workers who responded to the Sept. 11, 2001, terrorist attacks on the
World Trade Center suffered from lung problems during and after the recovery efforts.

Mike Dubron, president and founder of the Los Angeles-based Firefighter Cancer Network, said his
organization will establish regional directors throughout the nation this year.

Dubron said he established the network because firefighters are largely "alpha males that don't reach out
to others" about private health issues.

"All (cancers) are alarmingly increasing for firefighters," he said.

Amanda Harper, a spokeswoman with the public relations department at the University of Cincinnati,
said the situation with firefighters is very real.

"These people are public servants and need to be protected,” she said.

For more information on the Fireﬁghter Cancer Network, call 1-866-994-3276; or e-mail
mdubron@lacofd.org; or visit the Web site at www.firefightercancernetwork.org.

http://access.thehour.com/content _printstory.php?link=http%3 A%2F%2Fwww thestamfor... 2/16/2007
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FIREFIGHTERS AND CANCER

umerous studies have proven that the risk of being diagnosed with cancer is higher among
irefighters than the general population. One such study, conducted in 2006 by the American
[College of Occupational and Environmental Medicine, reviewed 32 studies on firefighters to
Ketermine the cancer risk. The study’s results confirmed previous findings of an elevated risk for
ultiple myeloma, non-Hodgkin lymphoma, prostate, and testicular cancers. Eight additional
ancers were listed as having a “possible” association with firefighting. In a three-year study
fcompleted in 2005 by the University of Cincinnati, researchers concluded that firefighters face a
81 02% greater chance of contracting testicular cancer than any other type of worker, a 53%
reater chance of multiple myeloma, a 51% greater chance of non-Hodgkin lymphoma, a 39%
reater chance of skin cancer, a 32% greater chance of brain cancer, a 28% greater chance of
rostate cancer, a 22% greater chance of stomach cancer, and a 21% greater chance of colon
ancer, “Firefighters are exposed to numerous cancer-causing substances,” said head
esearcher Grace LeMasters. "I think obviously they have not got enough protection from that

http://www.code3foracure.org/stats. htmi - 4/23/2012
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gand carbon monoxide, doesn’t protect them from the

m___unmnmmH it is still an uphill battle for many firefighters
to try to prove that their cancer is job related so they
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exposure. We feel that the protective gear that
protects them from acute exposures, such as heat

hemical residues that cause cancer.”

ut in spite of numerous findings pointing to an
ncreased cancer risk among firefighters, as well as
presumptive laws that have been passed in certain

can get the medical care they need. According to an
article written by the International Association of
Firefighters, Dave Potter had been a dedicated
firefighter in Puyallup, Washington, for 16 years in
2005 when he learned he had T-cell lymphocytic
leukemia. Potter contracted the cancer as a result of
dangerous toxins he had been exposed to on the

job. Even though Washington had enacted
presumptive laws, Potter died before he received the
treatment he needed. “He died because he needed a
bone marrow transplant, and could not afford the
$60,000 cost of the procedure,” explained Kevin
Rojecki, legislative liaison for the Washington State

Ruinebeck, NY Fire Department
st Wi
Council of Firefighters. “He died because his workers compensation claim was denied.”

Bill Humbert, a retired Portland, Oregon firefighter, had been on the job 10 years when he found
a lump on his neck that turned out to be non-Hodgkins Lymphoma. He, too, was sick due to on-
the-job exposure. At the time Oregon did not have presumptive laws. Humbert's cancer is

currently in remission, and he is advocating on behalf of other firefighters to pass presumptive
legislation in Oregon.

Like Humbert, Code 3 for a Cure President and Founder Lorenzo Abundiz experienced the same
type of nightmare in 1998 while still on active duty, after serving for 26 years as a Firefighter,
when he found a lump on his right rear chest wall that turned out to be feiomyosarcoma, a rare
and highly aggressive cancer that attacks the muscle tissue and can quickly spread. Abundiz’'s
employer denied his request for workers’ compensation benefits, claiming that his cancer was
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not caused by his firefighting career. Having never
smoked a cigarette in his life, Abundiz found it hard
to believe that the cancer was not caused by his
firefighting career. Because the City initiaily denied
his claim for benefits, Abundiz’s much needed

. surgery was delayed by one month because of the
“lengthy HMO approval process. By the time he finally
got the surgery he needed, the tumor had grown to

- the size of a golf ball and had spread. In spite of an

* oncologist’s testimony to the contrary, Abundiz

ultimately lost his workers’ compensation case in
court.

As the above cases illustrate, in addition to going
through the trauma of a cancer diagnosis, surgery

- and/or treatment, firefighters not covered under
workers’ compensation often end up having to pay
hefty bilis for their medical care, their medical care is
delayed, or they don't receive the critical care they
need because they cannot afford it, as in Dave
Potter’s case. In addition to the stress of trying to
prove their cancer was job related (if they have the
energy or the means to do so), the financial stress
caused by escalating medical bills only adds to the

2010 L stress they are already under and further undermines

the healing process.

)18 L

The fact that cancer affects millions of people all over the world, and the fact that there is a
proven correlation between firefighting and cancer, confirm both the need to eradicate the
terrible disease and, until a cure is found, help alleviate the suffering of its victims; more
specifically, its firefighter victims. There are currently no known organizations that provide
financial relief specifically for active or retired firefighters diagnosed with cancer, and there is
currently a lack of an adequate system to ensure they receive the critical health care and
support they need. Although there is no known statistical data identifying exactly how many
firefighters are in financial distress due to a cancer diagnosis, it can be easily surmised that

5

http://www.code3foracure.org/stats.html 4/23/2012




Lode 3 tor a Cure Foundation w_mmm 4 0f4

there is a definite need for programs designed specifically for ﬁ:m:._ based on both their elevated
risk of contracting the disease and the lack of affordable critical :mm_ﬂ: care.

WLFI 18 Lafayette

KSEE 24 Fresno

Fire Engine with Wings Logo design, and Helmet Logo design, by Jolin McKnight

Maltese Cross with Axe Logo design by Dave Johansen, Fantastical Prints

Website Design by Peggy Abundiz

Copyright 2009, Code 3 for a Cure Foundation. All rights reserved,
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Pushing for Presumptive Protections

Dave Potter had been a dedicated fire fighter in Puyallup,
Washington, for 16 years in 2005 when he learned he had T-cell
Lymphocytic Leukemia. Potier contracted the cancer as a resuit
of dangerous toxins he had been exposed to on the job.

Bill Humbert, a retired Portland, OR Locat 43 fire fighter, had I

been on the job 10 years when he found a lump on his neck Erom left: Puyallup, WA Local 726 member

that turned out to be non-Hodgkins Lymphoma. He, too, was Dave Potter, who died from Leukemia;

sick due to on-the-job exposure. Portiznd, OR Local 43 member Steve Higley,
who died from non-Hodgkins lymphoma; and

At the time, neither Washington nor Oregon had enacted retired Portland, OR Local 43 member
William Humbert, whose cancer is currently

presumptive laws. Potter died before he received the treatment S

he needed. Humbert's cancer is in remission. In all three cases, the cancers
currently in remission, and he is advocating on hehalf of other
fire fighters to pass presumptive legisiation in Oregon.

resulted from on-the-job exposure.

Meanwhile, fire fighters in Washington can hope there will be no more stories like Dave Potter’s. The state’s
presumptive laws were amended in April to include additional cancers, thanks to aggressive lobbying by the
Washington State Council of Fire Fighters (WSCFF) and expert testimony from the IAFF, The IAFF also
helped pass similar legislation in Colorado and Vermont, and has testified in four more states: Oregon,
Connecticut, Missouri and Michigan. And, Illinois added presumptive legislation for workers compensation in
May. Florida and North Carolina are also working to pass presumptive legislation for its fire fighters,

*An astounding 90 percent of fire fighter deaths are due to occupationally related illnesses,” says IAFF

General President Harold Schaitberger. “Qur members put their lives on the line every day to protect their
communities, and shouldn't have to worry what will happen to them and their families if they get sick. Yet
some states still do not provide presumptive protections for fire fighters who contract certain cancers and

other ilinesses in the course of their duties.”

More than 40 states and six provinces (click here tc read about Ontario) currently recognize certain
ilinesses as occupational hazards of fire fighting and have enacted faws presuming these ilinesses are job-
related, safeguarding workers compensation and retirement disability benefits for fire fighters.

= In Washington, Governor Christine Gregoire signed a bill
to amend the state’s current presumptive laws o include
heart attacks and add prostate cancer, colorectal cancer,
multiple myeloma and testicular cancer to the list of
presumed cancers. “0ur angoing relationships with the
Washington Fire Chiefs and other groups with great
political influence was what really led to our success,”
says Kelly Fox, president of WSCFF. “That and expert
testimony from the IAFF.”

This legislation could have saved Dave Potter’s life. "He
died because he needed a bone marrow transplant, and
could not afford the $60,000 cost of the procedure,”
explains Keven Rojecki, legislative liaisen for WSCFF. “He
died because his workers compensation claim was

The Washington State Councii of Fire Fighters
worked closely with the fire chiefs and other groups denied.”

to pass presumptive legistation. Washingten

Governor Christine Gregoire signed the bifl in April. Testifying in Washingtor:, Dr. Erika Olson, a resident
physician at Johns Hopkins University and for the IAFF, said, “Fire fighters face the possibility of death or
injury every time they respond to an alarm. While risk may be part of the profession, fire fighter deaths
and injuries should not be accepted as part of the job.” :

However, neighboring Oregon State Fire Fighters Council {OSFFC) is facing opposition to its efforts to pass
presumptive legisiation from an unexpected adversary: the state’s fire chiefs. Kelly Bach, president of the
OSFFC, notes, “It is unfortunate that the Chiefs cannot support their fire fighters.”

In 2006, researchers at the University of Cincinnati evaluated data from 32 previously published studies,

4/23/2012
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" and found that fire fighters are twice as likely as the general population to develop testicular cancer, 50
¢ percent more likely to develop multlp[e myeloma or non-Hodgkin's lymphoma, and 28 percent more likely

- to develop prostate cancer,

. In Oregon, the fire chiefs want to amend the proposed legislation to omit all but three of the cancers
: identified in the University of Cincinnati study.
In the tast 10 years, more than 100 fire fighters have been diagnosed with cancer in Oregon. With 2, 800
' IAFF members in the entire state, that number is significant. Proposed legislation, currently in the state
' senate, would presume the following cancers te be job refated for fire fighters: brain cancer, colon cancer,
- stomach cancer, testicular cancer, prostate cancer, and multiple myeloma or non-Hodgkins Lymphoma.

: Carolyn Higley's husband, Steve, was a member of Local 43 when he died from non-Hodgkins Lymphoma
© in December 2004. Diagnosed in October 2003, it wasn’t until September 2004 that the workers
compensation board determined that Higley’'s cancer was caused by on-the-job exposure.

' T am thankfui for the benefits,” says Carolyn Higley, “but I'd rather have my husband back.” Had
© presumptive legislation been in place, it would have alleviated much of the stress of worrying about sick
- leave, bills and benefits, "Those are the last things you want to think about when you go through

. something like this,” she says.

. In Vermont, a new faw signed by Governor Jim Douglas on May 22,
2007, covers feukemia, lymphoma or multiple myeloma, and

: cancers originating in the bladder, brain, colon, gastrointestinal
tract, kidney, liver, pancreas, skin or testicles. Fire fighters
diagnosed with cne of the presumed cancers are eligible for
benefits for up to 10 years after retirement.

*Qver the last 10 years, we have seen a definite increase in the
. number of Vermont fire fighters getting cancer,” says Matt Vinci,
- president of PFFV. Vermont won presumptive heart legisiation
" three years ago, and PFFV has since been working to get the same
- protections for cancer. Vinci credits PFFV political action and
¢ support from the IAFF and IAFF 3rd District Vice President Mike
- Mullane for securing the votes in the state House and Senate.
Championing the bill in the
state legislature were the bil’s chief sponsor, Senator Vince Illuzzi
. (R), and Representative Helen Head (D).

: With his signature on the legislation pending, IAFF President

© Schaithberger, DVP Mullane and PFFV President Vinci met with

- Governor Douglas during the Professional Fire Fighters of Vermont
state convention earfier in May. “The governor had reservations

. about signing the bill,” says Schaitberger. “But we made it clear to
: Governor Dougias that he needed to do the right thing and protect

' fire fighters in his state.” Following the meeting, Douglas promised State's presumptive bill at a Montpelier

- to sign the legislation, “He made good on that promise,” fire station where he was joined by PFFY
* Schaitberger says. President Matt Vinci.

Vermant Governor Jim Douglas signed the

. Meanwhile, in Colorado, thanks to aggressive lobbying efforts by IAFF 9th District Vice President Randy

© Atkinson, the Colorado Professionat Fire Fighters (CPFF) and the IAFF, Colorado Governor Bill Ritter signed
- presumptive legislation on May 17, 2007. The bill was sponsored by Senator Joan Fitz-Gerald (D) and

. Representative Mike Cerbo (D).

The Workers Compensation Act of Colorade now provides benefits to fire fighters who contract cancer of

: the brain, skin, digestive system, hematological system or genitourinary system as the result of on-the-job

- exposures. Claims can anly be denied if proven the fire fighter had a pre-existing condition. "This was a

- tough battle,” says Atkinson. “We could not have dene it without the IAFF's assistance and expert
testimony.” Dr. Virginia Weaver, an associate professor at Johns Hopkins University Bloomberg School of

- Public Health, testified on behalf of CPFF.

- 1In other states, the fight for presumptive protections continues. The Uniformed Professional Fire Fighters
© Association of Connecticut hopes to pass legislation that would ensure that occupational ilinesses are

. presumed job related for the purposes of workers compensation and disability retirement. However, the

- Connecticut Conference of Municipalities is opposing the bill, maintaining it will cause a financial strain on
. the state’s workers compensation and municipality budget.

. The Connecticut bill has made its way through several house committees and is on ifs way to the house
floor for consideration, If current language stays intact, some protections would be in place for all strains of
® hepatitis, meningitis, tuberculosis, heart disease, myeloma, non-Hodgkin's Lymphoma, prostate cancer and

- testicular cancer,

As scientific evidence continues to demonstrate the increased risk for heart disease, lung disease, cancer
- and infectious diseases among fire fighters and emergency medical responders, the IAFF encourages its

http://www iaff org/07News/Presumptive htm 4/23/2012
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affiliates to work with state and provincial legislatures to enact presumptive laws and to update and

enhance existing legislation where laws vary or provide limited benefits.

The IAFF has developed a database of current presumptive disabiiity provisions in the United States and

Canada. Click here to review the presumptive disability provision in your state or province.

In addition, the IAFF has made fire fighter presumptive legislation a focus of its lobbying efforts and is
developing an international database of fire fighters with heart disease, iung disease, infectious disease and
cancer in order to actively track statistics for these illnesses in fire fighters. This statistical information —
minus any identifying data — is available to IAFF members for use in lobbying for presumptive disability

laws.

For more information, contact the IAFF Division of Occupational Health and Safety at {202) 824-1571.

@ srnre EEE

international Association of Fire Fighters
1750 New York Ave., NW, Washingten, DC 20006 » 202.737.8484 » 202.737.8418 (Fax)
Copyright © 2012 Internationai Association of Fire Fighters. Last Modified: 4/23/2012
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‘Cancer Risk Among Firefighters: A Review and

Meta-analysis of 32 Studies

Grace K. LeMasters, PhD

Ash M. Genaidy, PhD

Paul Succop, PhD

James Deddens, PhD

Tarek Sobeih, MD, PhD
Heriberto Barriera-Viruet, PhD
Kari Dunning, PhD

James Lockey, MD, MS

Objective: The abjective of this study was lo review 32 studies on fiefighters
and 1o quantilatively and qualitatively determine the cancer risk using a
meta-analysis. Methods: A comprehensive search of compruterized databases and
bibkiographies from identified witicles was performed. Three crileria used lo assess
the probable, possible, or unlikely risk for 21 cancers included pediern of
melarclative visks, study lype, and helerogeneuty testing. Results: The findings
indicated that firefighters had a probable cancer vish for multiple mydloma with a
sunary vish estimate (SRE) of 1 53 and 95% confidence interval (C) of
1. 211,94, non-Hodgkin tymphome (SRE = 1.51, 95% CI= 1 31-1.73), and
prostate (SRE =/ 28959 Cf = 1.15-1.43). Testicular cancer was wpgraded
to probable beeause it had e highest summary risk estimale (SREE = 2, (2- 95 %
Cf = 1.30-3.13). Kight additional cancers were lisied as having « “possible”
assaciation with firefighting. Conclusions: Our resulls confirm previous findings
of an elevated metarelalive risk for multiple myeloma among [irefighters. In
addition, a probable association wilh non-Hodgkin fpmphoma, prostal, and
testicular cancer was demomsirated, (J Occup Fiviron Med. 2006;48:

 1189-1202)

From Epidemiology and Biostatistics, University of Cincinnati College of Medicine (Dr LeMasters,
I Succop), Cincinnati. Ohio: Industrial and Manufacturing Engineering and Epideminiogy and
Biostatistics, University of Cincinnati Colfege of Engincering and College of Medieine (Dr Genaidy),
Cineimmati, Ohio: the Department of Mathematical Seiences, University of Cincinnati College ol Arts
& Sciences (Dr Deddens). Cincinnati, Ohio; the Department of ndustrial Medicine and Occupational
Diseases, Caito University Fuculty of Medicine (Dr Sohcihy. Cairo, Egypt; the Deparmnent of dustrial
Engineering, Interamericim University of Puerte Rico {1 Barriera-Viruet). Bayamen, Puerto Rico: the
Exeparument of Reqabilitation Seiences. University of Cincimati Medical Center (v Dunning).
Clincinnati. Ohio; and Gceupational and Environmental Medicine and Pulmonary Medicine, University
of Cincinnati College of Medicine (Dr Lockeyh, Cincinnati. Ohio.

This study was supporied i pant by a grant framn the Ohio Burcau of Workers Compensation.

Address correspondence 100 Grace K. l.eMasters, Phiy. Department af Environmentai Health.
University of Cincinnati Coliege of Medicine. Cincinnati, O 45267-0056; E-mail: arace. lemasters @
uc.cdu.
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uring the course of their work, [ire-
lighters are exposed 1O harmiul sub-
stances al the fire scene as well as at
the firchouse. At the fire scene, [ire-
fighters are potentially exposed Lo var-
jous mixtures of particulaies, gases,
mists, fumes ol an organic and/or -
organic nature, and the resultant pyrol-
ysis products.": §pecific potential
exposures include metals such as lead,
antimony, cadmium, nranium, chemi-
cal substances, inciuding acrolein,
benzene, methylene chloride, polyaro-
matic hydrocarbons, perchlorethylene,
wlucene, trichloroethylene,  trichloro-
phenol, xykene, formaldehydes, miner-
als such as ashestos, crystalline, and
nonerystalline silica, silicales, and var-
jous gases that may have acute, Loxic
effcets. '~ In some situalions, Tespira-
tory protection cquipment may be in-
adequatc or not felt be necded
resulting in unrecognized cxposurc:.3
At the firchouse where [irefighters
spend long hours, cxposures miy 0c-
cur 10 complex mixtures that comprise
diesel exhaust, particularly if trucks are
ot in closed houses withoul adequale
outside venting. In light of the World
Trade Center disasler, concerns have
reemerged and heighlened related to
building debris particle exposuies {rom
pulverized coment and glass, {iberglass,
ashestos, silica, heavy metals, sooL,
and/or organic products of combustion.”

To date, only onc meta-analysis
conducted by Howe and Burch in
1990 examined the extent of cancer
risk among lirefighters in 11 mortal-
ity studics.” They reported thal there
was an increased association with the
occurrence of brain Lumors, malig-
pant melanoma, and multiple my-
cloma with the evidenee in favor of




{ ks zom-jom/zem-jorn/zom0t 106/ 20mA783-0z | xppws | =1

10716706 | 12:27 | Art: JOM200238 Input-ih |

1

1190

causality somewhat greater for brain
tumors and multiple mycloma. Sinee
then, there have been numerous maor-
tality and incidence studics. Hence,
the purposc of this study was two-
fold. The (irst purposc was 1o updaic
the Howe and Burch findings by
reviewing the methodologic charac-
teristics of these studies and deter-
mining the probability of cancer by
assessing the weight of evidence, includ-
ing the caleulated metarisk estimates.
The sccond pumose was Lo describe a
methodology For use in a meta-analysis
when diverse investigations arc being
evaluaied and summarized.

Materials and Methods

Search Strategy and
Inclusion Criteria

Standardized mortality ratio (SMR),
proportional  mortality ratio (PMR),
relaive risk (RR), standardized inci-
dence ratio (SIR), and case—comtrol/
mortality odds ratio (OR) studies re-
lated to fircfighters and cancer risk
were evatuated. For publication sclec-
tion, at least 1 year in service as [ire-
fighlers was required cxcepl {or those
studies basing employment on death
certificates. Publications were retrieved
by a scarch of compulerized databascs,
including Medline (1966-December
2003), Health and Safety Scicnce Ab-
siracts (since 1980-Deccmber 2003),
Cancerlit  (1963-December 2003),
NIOSHTIC and NIOSHTICZ (up 1o De-
cember 2003), BIOSIS Previews (1980
December 2003), and PubMed (up 10
December 2003) using the following key
words: lirefighters, fire fighters, cancer.
In addition 1o the compulerized scarch,
bibliographies in identificd papers werc
reviewed for additional studies.

The scarch was restricted 10 reports
published in English; abstracts and re-
views were not included. Studies were
excluded wilhoul basic data (cg, comn-
fidence intervals) that are necessary in
the derivation of the meta-analysis
risk cstimate. IT therc was more Lhan
one article with the same or overlap-
ping population, preference was
given to the arlicle providing more
comprehensive information. The

Cancer Risk Among Firefighters » LeMasters et al

data were extracted from each article
by onc reviewer and was verified by
another. Discrepancics identified by
the second reviewer were resolved in
a conscnsus meeling.

Likelihood of Cancer Risk. Statis-
tically significant increases in cancer
risks among fircfighters were evalu-
aled as the likelihood for cancer 1isk
given a hrec-crileria assessment. The
three criteria included “pattern of
meta-relative risk assoctation,” “study
type,” and “consislency” among stud-
ics. These criteria were particularly
important given the differcnt method-
ologics used for evaluating cancer risk

(ic, SMR, PMR, RR, SIR, and OR).
These criteria were used in a forward
approach as illusirated in Figure | in
which at cach stage, @ new crilerion
was applicd, and the probability of
cancer risk was reassessed. The likefi-
hood for cancer risk was given an
assignment of “'probable,” “possible,”
or “not likely” patierned afier the In-

wernational Agency for Research on

Cancer (IARC) risk assessment of hu-
man carcinogenicily in lerms of weight
of the evidence.”

The “pattemn of metarclative risk
associations” was the first criterion and
included a two-step cvaluation, For the

Criteria One
histe-relative risk (mRR) score by shuddy {ypé {e.g. mSMR]

R _-{+;~]' R
AR sighificarit at 8%
Jevesand > 1A

Criteria Two
Study fype used fa genevate mBER

o
o - : i',g'[;.c';ya_z;g_!jéﬂéF‘ig;k]“ et S
R[4 based primarly an mPMR .
< stackesat AN L

e

Criteria Three

Helerogeneily (consisiency} anong il combined studies

-

: {Baﬁﬂgré&é‘ Rizkd L

" Heterageneity signficani at.
: 0% level

Rt

e,

Y

st Ghangs o sk

Final Likelihood of Cancer Risk
Fig. 1. Likefihood of cancer 115k.
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first siep, the strength of the meta-
analysis by cach study type {cg, SMR,
PMR) was assigned a score. The score
of "+ 47 was assigned if the melarela-
tive risk was statistically sigmificant
and greater than 1.1, The score of *+7
was assigned if the metarchative risk
was not statistically significant, but the
point risk cstimate was grealer than
1.1. The score ol *—"" was assigned if
the metarclative risk was nol statisti-
cally significant, and the point risk
estimale was cqual 1o or less than 1.1,
Al the second step, these scores were
used Lo assign a probable, possible, or
unlikely designation for the pattern of
metarclalive risk association. A “prob-
able™ was assigned to the cancer-
specific site i one metarelative risk {ic,
mSMR, mPMR, mSMR and PMR,
mRR, mSIR, mOR) was statistically
significant (score of - -) and at least
another was greater than 1.1 (score of
4. A “possible” assignment was
given if only one metarelative risk was
available and was siatistically signifi-
cant {(scorc of + ) or il at least (wo
metarclative usks were greater than
1.1 but were not statstically significant
(scorc of ). “Not likely” was as-
signed if the cancer-specific sile did
noi -meet the probable or p()sslblc
crileria.

The second criterion examined
the “study 1lype” used lo generale
metarelative risks. 1" the metarclative
risk estimate reached statistical signif-
tcance (score of -+ +), based primarily
on PMR studics, the level was down-

~graded. PMR studics do not measuse
the risk of death or death ralcs but
rather the relative frequency of that
particular cause among all causes of
death. Hence, the limitation of a PMR
study is that the estimatc may be ab-
normally Iow or high based on the
overall increase or decrease in morlal-
ity and not due to the cause of interest.”
Also, if the mSMR point risk estimate
was not significant and =1.1 {-), the
level was downgraded. The third crite-
rion wsed Tor gencrating the likelihood
of cancer risk was an assessment of
“inconsistency” among studies. Heter-
ogenceily lesting as desceribed in statis-
" tical methods was used 1o evaluale

inconsistency. The level was down-
graded il helerogencity (inconsistency)
esting among all combined studies
had an w =0.10.

Statistical Methods

For all cancer oulcomes having two
or more studies, the observed and cx-
pected values from cach study were
summed and & melarclative risk esti-
male {mRR) was calculated. An mRR
was calculated for cach cancer by each
study type, cg, SMR studies and as 1
summary melarclative risk across all
study types. The mRR was defined as
the ratio of the total number of ob-
served deaths or incident cascs lo the
total number of cxpected deaths or
meident cases as follows:

20

mRR =

YE,
i1

where O, denoles observed deaths
(cases) in cach individual study, F;
denotes expected deaths (cases), and "
is the total number of studics.” The
959 confidence interval ¢CT) of mRR
may be computed using the Poisson
probability disuibution as described by
Breslow and Day.” The standard ciror
(SE} for the metarelative risk is calcu-

lated as Sk

statistical wcighL for a given sudy
defined as I/SE? and SE, is the stan-
dard error for a given study.

In the absence of helerogeneity, the
fixed-cliect model was applied for de-
riving the melarelative risk estimate;
otherwise, the random-effects model
was used. A test for heterogeneity lor
the fixed-cffect approach is given by
Q= 2 W {logliR;)
where RR; and mRR arc the relative
risk and the metarelative risk, respec-
tively. The hypothesis of homogeneity
among studics would be rejected if Q
exceeds x5 1. Then the random-
effects model was used with a dillerent
study weight (W.*} that further ac-
counts for the interstudy variation in

loglmRkR)}?

1191

effect size.® The weighing factor W
in the DerSimonian and Laird random-
efTects model is
] I
M/,_».» P U

[1) + {m

where W, is the statistical weight for
a given study for the fixed-effect
model and is equal o 1/5E7 with SE;
being the standard error for a j:,]V(.,I]
study according o Chen and Scaton”

D]* W,
i1

0~ -
D = ey

\

{;:: "V;} — %: w2

f
Viel i=1

Tt should be noted that D is set o 0
it @ = 1. The random-efTects
model was validaled against data
provided in Petiui,'” which afler ap-
plication using our equations gave
identical results. For this study, an
o =210% or less for declaring heter-
ogeneity was adopted.'"

The SAS software was used Lo pet-
form the calculations and validated our
program for the fixed-cffect model
using data from dilferent studies
compiled by Howe and Burch®
standardized mortalily ratios and
proportional mortality ratios among
firefighlers. Where there were no
observed deaths or Incident cases,
the lower confidence interval for an
individual study was set at 0.1 as
suggested in the method used by
Collins and Acquavella.' This
method was compared with the data
excluding studies with a zero relative
risk, and the results were similar.

Resulls

Identification and
Characteristics of Studies

The compulerized literature search
identified 21 US. and 14 non-U.S.
articles.' ™" 1t was determined that
three studies were not eligible for the
meta-analysis because of cither insul-
ficient data,*’ data were combined for
firefighters and other personnel,* or
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the text was not published in En-
glish.* Tn addition, four seudies™
were exeluded because of overlapping
populations wilh other reports. - Ror
exumple, in 1992, Demers et al'™ re-
ported more ohserved and expeeted

cuncers than in the 1994 article,™ Four

additional studies™ =" were identificd

in the review by Howe and Burch® and
used in the meta-analysis. Thesc later
four studies are not presented in Table
t. Hence, 4 tolal ol 28 sudies recetved
a detailed review as shown in Table |,
which describes the study design char-
acteristics, cxposure, and oulcome def-
initions. Sixteen were U.S. studics and
12 were non-U.S. investigations. Five
sindies had an internal comparison
group with the remaining using rc-
gional or national comparison groups.
Fourleen ascertained exposures from
employment records and defined ex-
posure as a dicholomous (ycs/no) vari-
able. The majority of the studies relicd
on death cenificales for assessing a
cancer diagnosis. Of a total of 32
anticles, 26 arc inchuded in the meta-
analysis as shown in Table 2. The six
additional articles are case—comrol/
mortality odds ratio studies and pre-
senled in Table 3 wilth one mela-
analysis for non-Hodgkin’s
lymphoma.

Overview of Meta-analysis

Table 2 summarizes the meta-
analysis results by study type. Stud-
jes were mostly mortality and were
analyzed using SMRs and PMRs.
All-cause mortality had an SMR
10% less than gencral population
rates. Mortality from all cancers was
simitar o the general population us-
ing SMR and RR indices, but PMR
studics showed a 10% signilicantly
higher rate (Tabic 2). For individual
cancers, there were stalistically sig-
nificant eclevaled meta-SMR esti-
mates [or colon cancer {1.34) and
multiple myeloma (1.69). PMR stud-
ics demonstrated Lhree signilicantly
clevated meta-PMR values that in-

cluded skin ¢1.69), malignant mela-

noma (2.25), and multiple mycloma
(1.42). There was one significanly
clevated metarelalive risk for esoph-

Cancer Risk Among Firefighters » LeMasters et al

ageal cancer (2.03). Incidence stud- .

jes showed significant meta-SIR for
cancers of the stomach (1.58), pros-
late (1.29), and testis (£.83).

As shown in Table 3, only onc
cancer type, non-Hodgkin fym-
phoma, had two gortality OR anal-
yses, and both were significant. The
estimated mOR was essentially
based on Ma et al'? due to the much
larger sample size of firclighters
(n = 4800) compared with 23 for
Figgs et al.”” Odds ratios were sig-
nificantly higher for buccal cavily/
pharynx (5.90) and Hodgkin’s dis-
case (2.4)" as well as the single
incidence study related 1o bladder
cancer (2.11) - and non-Hodgkin’s
lymphoma (3.27.%

The next step was to determine the
likelihood of cancer risk based on the
three criteria assessment. Cancers rc-
ceiving “probable” and “possible”
designations are shown in Table 4.
Based on evaluating the first crite-
rion “pattern of metarelative risk” for
the 20 cancer siles, eight were des-
ignaled as “probable,” four as “pos-
sible,” and eight as an unlikely risk.
Based on the sccond criteria “study
type” stomach, rectum, skin cancer,
and malignant melanoma risk were
downgraded because ol reliance on
PMR studies for staustical signifi-
canice or the mSMR point risk esti-
male was not significant and =1.1.

Tor the third criterion, “inconsis-
tency” among all studies caused a
downgrading for only colon cancer
w “possible.” This inconsisiency
may have been related to several
factors, including study type and a
cohorl cffect. There were 14 SMR
and PMR colon cancer studies with
clevaled meta-risk estimates of 1.34
and 1.25, respectively (Table 2). Of
these 14 swudies, there were 11
(78.6%) with firclighters employed
on or before 1950. In contrast, there
were six mRR and SIR studies with
mela-risk estimates of 0.91 and 0.90,
respectively, with hall employed
on or belore 1950, Tt is possible
that the older cohorts had higher
exposurces duc to a Jack of aware-

ness of the hazards or use of pro-
tective equipment.

A final check on the three criteria
assessment presented in Table 4 was
made by calculating an overall sum-
mary of cancer risk across all studics
(ie, SMR, PMR, RR, SIR, OR).
There was agreement thal cancer wis
unlikely belween the criteria assess-
ment and the nol significant sum-
mary risk estimates for esophagus,
liver, pancreas, larynx, lung, bladder,
kidney, and Hodgkin’s discase and
all cancers (Table 5). Differences
between the (wo approaches were
found for cancers of the buccal cav-
ity/pharynx and leukemia because
these were designated as possible by
the criteria assessment but as not
significant in the summary risk esti-
mate. The remaining cancers were all
rated as probable or possibie and ali
had significant summary risk esti-
mates. OF note, testicular cancer
received the highest summary risk
estimale (OR = 2.02; 95% C1 =
1.30-3.13) related 1o the SIR stud-
ies compared with the “possible”
designation by the three criteria
assessment.

Discussion

The mela-analysis and criteria as-
sessmenlt designaie the likelibood of
cancer among firefighters as proba-
ble for muliiple myeloma and
prostate cancer. Thus, the findings
related Lo multiple myeloma are in
agreement with Howe and Burch.*
The Philadelphia fircfighter swdy'”
was the largest cohort study reported
o date invesligaling exposure—
response relationships. For Philadel-
phia lircfighters, the SMR results for
multiple myeloma demeonstrated an
increasing trend with duration of em-
ployment as a firefighter: 0.73 (95%
CI = 0.10-5.17) for undér 9 ycars,
1.50 (95% C1 == 0.48 -4.66) for 10 10
19 years, and 2.31 (95% CI = [.04-
5.16) with six obscrved deaths for
greater than 20 years. Except for
race, there are essentially no known
risk faclors for multiple myeloma
other than occupational exposures
(eg, paints, herbicides, nsecticides,

T4
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engine cxhausts, and organic sol-
vents). 7 Benjamin el al™ re-
porled thal blacks compared with
whites have at least double the risk
of being diagnoscd with multiple
myeloma and  Lwice the mortality
jate. Race may be ruled oul as a
polential lactor among fircfighters,
because cancer risk was investigated
primarity for whites.

The analyses for non-Hodgkin's
lymphoma were cansislent across i
diversity of study designs, including
SMR, PMR, SIR, and OR incident/
mortality studics, All showed cle-
valed meta-risk or point estmales.
The overall summary risk esthnate
was signilicanily elevated al §.51
(95% CI = 1.31-1.73). Hence, non-
Hodgkin’s lymphoma is considered a
probable cancer risk for firelighters.
Non-Hodgkin’s lymphoma is, how-
ever, several caneer Lypes with five
International Classification of Dis-
case (ICD) codes (200, 202.0, 202.1,
202.8, 202.9). Of importance is how
the definition of non-Hodgkin's Tym-
phoma by 1CD code may contribute
(o the variability in swdy fndings.
For example, in a study by Demers el
al'® comparing firelighters with po-
lice, the moriality incidence density
ratio for “lymphosarcoma and reticu-
losarcoma” (1CD 200} was not ele-
vated (0.81)'° but was (1.40) for
“other lymphatic!hcmampnicLic”
{ICD 202, 203). Subsequent 10 the
time period covered in this review,
Ma et al®® examined Florida fire-
fighters but evaluated only one of
wwo cancers for 1CD code 200, e,
lymphosarcoma but not reticular sar-
coma and found nonsignificance
{(SMR = 0.94). Hence, these studies
demonstrate the importance of being
cognizant that diffcrences in cancer
1isk estimates and interpretation of
risk may be influenced by outcome
definition.

Results showing a probable asso-
cialion for prostale cancer is curious.
Prostale cancer is the most common
malignancy affecting men and is the
second leading cause of cancer.””
Risk ol developing prostale cancer is
associated with advancing age, black
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TABLE 2
Metaretative Risk Estimates and Test for Inconsistency for Mottality and Incidence®
95%
Number of Metarelative Confidence P Value
Disease Studies Reference Observed Expected Risk Interval Inconsistency
Mortality studies
Standardized mortality
ratic (SMR)
All causes (001-999) 12 13,19, 23, 27, 30, 8384 9273.8 0.80 0.85-0.97 -0.00
32, 34
35, 37-40
All cancers (140-209) 13 13, 19, 23, 27, 30, 1801 1799.9 1.00 0.93-1.08 0.02
32,34
34, 37-40, 51
Buccal cavity and 5 13, 19, 32, 34, 37 34 29.8 1.14 0.79-1.60 0.84
pharynk {140-149)
Esophagus (150} 4 13, 19, 23, 34 17 251 0.68 0.39-1.08 .62
Stomach (161) 7 13, 19, 23, 30, 34, 75 81.3 0.92 0.73-1.186 .72
35, 37
Colon {153) 10 13, 19, 23, 26, 28, 252 188.3 1.34 1.01-1.79 -2{1.00
30, 34, 35, 37, 51
Rectum (154} & 13, 19, 23, 30, 34, 35 54 40.7 1,33 1.00-1.73 0.43
Liver/gallbladder 5 13,19, 23, 34, 35 22 21.9 1.00 0.63-1.52 0.82
(1551566}
Pancreas (157) 6 13, 19, 23, 34, 35, 37 63 64.2 0.98 0.75-1.26 0.68
Larynx (161) K] 13, 19, 34 8 13.7 0.58 0.25-1.15 0.82
Lung {162) 8 13, 19, 30, 34, 35, 37, 378 359.2 1.05 0.95-1.16 0.50
38, 51
Skin (173) 3 13, 19, 37 16 15.7 1.02 0.58-1.66 0.68
Malignant melanoma P 30, 34 4 5.9 0.67 0.18-1.70 0.23
(172)
Frostate (185) 5 13, 19, 23, 34, 35, 37 104 91 1.14 0.83-1.39 0.67
Testis (186) 1 34 3 1.2 2.50 0.50-7.30 —
Bladder (188) 8 13, 19, 23, 30, 34, 37 41 33.0 1.24 0.68-2.26 0.03
Kidney (189) 5} 13, 19, 23, 34, 35, 37 30 30.9 0.97 0.44-2.13 0.01
Brain and nervous 8 13, 19, 23, 27, 30, 34, 64 46.1 1.39 0.94-2.06 0.07
system (181-192) 3h, 37
Non-Hodgkin's 3 13, 19, 34 a0 20.6 1.46 0.98-2.08 0.92
lymphoma
{200, 202)
Hodgkin's disease 2 19, 34 4 5.1 0.78 0.21-2.01 0.59
{(201)
Muttiple myeloma (203) 4 13, 26, 34, 51 24 14.2 1.69 1.08-2.51 0.15
Leukemia (204 -208) 2 13,19 30 29.9 1.00 0,68-1.43 0.27
Propartional mortality :
ratio (PMR)
All cancers (140-209) B 16, 24, 39, 48, 49, 50 2443 2215.7 1.10 1.06-1.15 0.64
Buccal cavity and — — -— — — —
pharynx (140-149}
Esophagus (150) — — — - —— —
Stomach {151) — - — — — — —_
Colon {153) 4 28, 48, 49, 50 79.2 1.25 0.90-1.74 0.08
Ractum (154) i 16 ' 25 1.48 1.05-2.05
Liver/galibladder — - — — —
{166-156)
Pancreas (157) —_ — — —_ — —_
Larynx {161) — — — — — —
Lung (162} 4 16, 48, 49, 50 773 7421 1.04 0.88-1.23 0.04
Skin (172-173) 2 18, 24 42 24.8 1.69 1.22-2.29 0.41
Malignant imelanoma 2 48, 49 g 4 2.25 1.03-4.27 0.49
(172)

Prostate (185)

{Continued)}
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TABLE 2
Continued
. 95%
Number of Metarelative Gonfidence P Value -
Disease Studies Reference Observed Expected Risk Interval Inconsistency
Testis (186) — - —_ — — —
Bladder (188} 1 16 37 37.4 0.99 0.70-1.37 —
Kidney (189} 1 16 53 36.8 1.44 1.08-1.89 —
Brain and nervous 4 16, 48, 49, 50 64 54.9 1.47 0.90-1.49 0.27
system {191-192) :
Non-Hodgkin's 1 16 66 50 1.32 1.02-1.67 —
lymphoma
(200, 202}
Hodgkin's disease — — — — —_ —
(201)
Multiple myeloma 4 16, 48, 49, 50 46 325 1.42 1.04-1.89 0.88
(20G3)
Leukemia (204208} 2 16, 24 65 535 i.21 0.94-1.55 0.47
Relative risk (RR)
All causes (001-998) —_ — — —_ — — —
Al cancers (140-208) 2 20, 21 291 2956 0.88 0.87-1.10 017
Buccal cavity and 1 20 11 7.7 1.43 0.71-2.57 —
Pharynx (140-149) _
Esophagus (1560) 1 20 12 59 2.03 1.05-3.67 -—
Stamach (151) 2 20, 21 25 20.6 1.21 0.80-1.8% 0.55
Colon (153) 2 20, 21 25 27.5 0.91 0.60-1.36 0.92
Rectum (154} 1 20 13 9 1.44 0.77-2.49 —
Liver {155-156) — — — — — — —
Pancreas (157) 1 20 17 136 1.25 0.73-2.00 -
Larynx (161) 1 20 3 3.8 0.79 0.17-2.36 —
Lung (162) 1 20 60 71.4 0.84 0.64-1.08 —
Skin (172-173} 1 20 7 4.9 1.71 0.68-3.49 —_
Malignant melanoma — — - — - — —
(172)
Prostate (185} 2 20, 21 18 243 0.78 0.13-4.82 «0.00
Testis (186} — — — e — — —
Bladder (188) —_ -— — — — — —
Kidney (189) 1 20 4 5.9 .68 0.18-1.74 —
Brain and nervous 2 20, 21 9 7.1 1.26 0.55-2.34 0.14
system (191-192)
Non-Hodgkin's — — — — — — —
lymphoma
(200, 202)
Hodgkin's disease — — — — — — —
201)
Multiple myeloma — — — — — — —
7 {203)
Leukemia (204 —-208) 1 20 5] 9.8 0.61 0.22-1.33 —
incidence studies (SiR)
f All cancers {140-209) 3 30, 35, 36 367 366.6 1.00 0.90-1.11 0.61
Buccal cavity and 2 18, 36 25 19.6 1.28 0.83-1.88 0.73
| pharynx (140-149)
Esophagus {150) 2 18, 30 10 7.6 1.32 0.63-2.42 0.51
Stormach (151) 3 18, 30, 36 38 241 1.58 1.12-2.16 0.33
Colon {153} 4 18, 30, 35, 36t a9 65.3 0.9 0.69-1.17 0.37
Rectum (154) 3 18, 30, 36 41 36.1 1.14 0.81-1.54 0.4
Liver {155-1586) 1 35 4 4.7 0.85 0.23-2.18 -—
Pancreas (157) 4 18, 30, 35, 36 22 18.2 1.21 0.76-1.83 0.83
Larynx (161) 2 18, 31 13 8.3 1.57 0.17-14.51 <20.00
Lung (162) 4 18, 30, 35, 36 119 126.0 0.93 0.76-1.11 0.83
Skin {172-173) 1 a5 5 3.3 1.62 0.49-3.54 —
Malignant melancma 4 18, 30, 35, 36 60 47.9 1.25 0.96-1.61 0.87
(172)
Prostate (185) 4 18, 30, 35, 36 147 114.1 1.28 1.09-1.51 0.56

{Continued)
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TABLE 2
Continued -
95%
Number of Metarelative Confidence P Value
Disease Studies Reference Observed !Expected Risk Intervat Inconsistency
Testis (186) 2 30, 36 21 i1.5 1.83 1.13-2.79 0.15
Bladder (188) 2 18, 30 3N 29.9 1.04 0.70-1.47 Q.67
Kidney (189) 3 18, 30, 35 11 18 0.61 0.30-1.09 0.69
Brain and nervous 3 18, 30, 35 19 15.4 1.23 0.74-1.93 0.84
system {191-192)
Non-Hodgkin's 1 36 4 2.2 1.82 0.49-4.656 —
lymphoma
{(200-202)
Hodgkin's disease — — — — —— ——
(201}
Multiple myelema — — — — — —
{203}
Leukemia (204-208) 4 18, 25, 30, 36 18 12.9 1.4 0.82-2.21 0.36

Note. Codes of the international Glassification of
Howe and Birch.”

“Meta analysis completed only for two or more studies.

+Reference 36 s a combination of caolon and rectum cancers.

Causes of Death {Gth Ravision) in parentheses; published data for references 48-50 in

TABLE 3
Mortality and Incidence Studies for Case-Con

trol/Mortality Odds Ratio Studies

25% Confidence

Cutcome References Odds Ratio Interval
All cancers (140-209) Mortality 14 1.10 1.10-1.20
Buccal cavity and pharynx (140~149) Mortality 14 5.90 1.90-18.30
Esophagus (150) Moriatity 14 0.90 0.70-1.30
Stomach {151) Mortality 14 1.20 0.80-1.60
Colan {153) Mortality 14 1.00 0.80-1.20
Incidence 22" 1.04 0.59-1.82
Recium (154) Mortality 14 1.10 0.80-1.60
incidence 22 0.97 0.50-1.88
Liver/gallibladder (155-156) Mortality 14 1.20 0,90-1.70
Pancrease (1567} Mortality 14 1,20 1.00-1.50
Incidence 22" 3.19 0.72-14.156
Larynx {(161) Maortality 14 0.80 0.40-1.30
Lung (162) Maortality 14 1.10 1.00-1.20
Incidence 22" 1.30 0.84-2.03
Skin (172-173) Mortality 14 1.00 0.50-1.890
Malignant melanoma (172} Mortafity 14 1.40 1.00-1.90
Incidence o 1.38 0.60-3.19
Prostate (185) Martality 14 1.20 1.00-1.30
Testis (188) Incidence 29 4.0¢ 0.70-27.40
Bladder (188) Mortality 14 1.20 0.90-1.60
Incidence 22" 211 1.07-4.14
Kidney {189) Martality i4 1.30 1.00-1.70
Incidence 33 - 4.89 2,47-8.93
Brain and nervous system (191-192) Mortality 14 1.00 0.80-1.40
Incidence 22" 1.52 0.39-5.92
Non-Hodgkin's lymphoma (200, 202) Mortality 14,157 1.41 1.10-1.70
Incidence 22 3.27 1.19-8.98
Hodgkin's disease (201) Martality 14 2.40 1.40-4.10
Multiple myetoma (203) Mortality 14 1.10 .80-1.60
Incidence : 17 1.9 0.50-9.40
Leukemia (204-2C8) Moriality 14 1.10 0.80-1.40
Incidence 22" 2.67 0.62-11.64

“Two control groups available; police rather than state emp|
melanoma when using state employees odds ratio and 85%

+Morality odds ratio (mOR) calcutated only for non-Hodgkin lymphoma as only ca
based primarily on larger sample in Ma et al.™

-

loyees selected as most comparable. Significance ditference only for malignant

confidence intervat was 2.92 (1.70-5.03).
se-control study with at least two studies. mOR estimated
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TABLE &

summary of Likelihood of Gancer Risk and Surmmary Risk Estimate {©5% Cl)

Likelihood of Cancer Summary Risk
Cancer Site Risk by Criteria Estimate (85% Cl}

Multiple Probable 1.53 (1.21-1.84)
myeloma

Nan-Hodgkin Probable 1.51 (1.31-1.73)
iymphoma

' Prostate Probable 1.28 {1.15-1.43)

Testis Possible 2.02 (1.30-3.13)

"Skin Possible 1.39 11.10-1.73)

Malignant Possible 1,32 (1.10-1.57)
melanoma

Brain Possible 1,32 (1.12-1.54)

Rectum Possibie 1.29 (1.10-1.51}

Buccal cavity Paossible 1.23 (0.96-1.55)
and pharynx

Stomach Possible 1.22 (1.04-1.44)

Colon Possible 1.21 (3.03-1.41}

Leukemia Possible 1.14 {0.98-1.31}

Larynx Unlikely 1.22 (0.87-1.70)

Bladder Unlikely 1.20 (0.97-1.48)

Esophagus Unlikely 1.18 (0.86-1.57}

Pancreas Uniikely 1,40 (0.91-1.34)

Kidney Uniikely 1.07 (0.78-1.46)

Across All Types of Studies for All Gancers

Based on 10 analyses

Heterogeneity—not significant at the 10% level

Only two SMR and another PMR studies

Slightly higher than mSMR and PMR (1.36, 95% Ci = 1.10-1.67)

Based on eight analyses

Heterogeneity—not significant at the 10% level

Cansistent with mSIR (1.29, 95% Cl = 1.08-1.51)

Based on 13 analyses ’

Heterogeneify-—not significant at the 10% level

Slightly higher than mSIR {1.83, 95% Cl - 1,13-2.79)

Based on four analyses

Heterogeneity—not significant at the 10% level

Slightly fower than mSMR and PMR (1.44, 85% Cl = 1.10-1.87) ~ derived
on basis of PMR studies

Based on eight analyses

Heterogeneity—not significant at the 10% levet

Slightly higher than mSMR and PMR (1.29, 96% Gl = 0.68-2.20}

Based on 10 analyses

Heterogensity-—naot significant at the 10% level

Slightly higher than mSMR and PMR {1.27, 95% Gl = 0.88-1.63)

Based on 19 analyses

Heterageneity—not significant at the 10% level; there was
heterogeneity among SMR studies

Slightly lower than mSMR and PMR (1.39, 85% Cl = 1,12-1.70)

Based on 13 analyses

Heterogeneity—not significant at the 10% level

Siightiy higher than mSMR (1.18, 95% Cl = 0.81-1.66)

Based on nine analyses

Heterogengity—not significant at the 10% level

Lower than mSiR (1.58, 85% Cl = 1.12-2.16)

Based on 13 analyses

Heterogeneity—not significant at the 10% level

Slightly lower than mSMR and PMR (1.31, 95% CI = 1.08-1.59)

Based oh 25 analyses

Heterogeneity—significant at the 10% level; there were
heterogenelty among SMR and PMR studies

Similar to mSMR and PMR (1,14, 95% Cl = 0.82-1.39)

Based on eight analyses

Heterogeneity—not significant at the 10% level

Higher than mSMR (0.58, 95% Cl = 0.25-1.18)

Based on seven analyses

Heterogeneity—not significant at the 10% level

Sirnilar to mSMR and PMR {1.24, 959% C| = 0.83,1.48)

Based on 11 analyses

Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies

Higher than mSMR (0.68, 95% Ci ~ 0.39-1.08)

Based on eight anaiyses

Heterageneity—naot significant at the 10% level

Slightly higher than mSMR (0,98, 95% Cl = 0.75-1.26)

Based on 13 analyses

Heterogeneity—not significant at the 10% level

Sirnilar to mSMR and PMR (1.23, 95% Gl = 0.94-1.59)

Based on 12 analyses

Heterogeneiiy~significant at the 10% level; there was

heterogeneity among SMR studies
(Continued)
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TABLE &
Continued
Likelihood of Gancer Summary Risk
Cancer Site Risk by Criteria Estimate [95% CI) Comments
Hodgkin's Untikely 1.07 (0.59-1.82) Higher than mSMR (C.78, a5% Cl = 0.21-2.01)
disease Based on three analyses
Heterogeneity—not significant at the 10% level
Liver Unlikety 1.04 (0.72-1.49) Similar to mSMR (1.00, 95% Cl = 0.63-1.52)
Based on seven analyses
Heterogeneity—not significant at the 10% level
Lung Unlikety 1.03 {0.97-1.08), similar to mSMA and PMR (1.06, 95% Gl - 0.96-1.14)
: Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was
heterogeneity among PMR studies
All cancers Unlikely 1,05 {1.00-1.09) Similat to mSMR and PMR (1.06, 95% Gl = 1.02-1.10

Based on 25 analyses
Heiferogeneity—significant at the 10% level; there was

heterogeneity among SMR studies

¢l indicates confidence interval; SMR, standardized mortality ratio; PMA, proportional mortality

SIR = 1.39, 95% C1 = 0.2-5.0; 11
0 20 years: SIR = 4,03, 95% Cl =
1.3-9.4. In those cxposcd greater
than 20 years, the risk estimate re-
mained clevated but declined (SIR =
2.65, 95% C1 = 0.3-9.8), possibly
because lesticular cancer generally
oceurs at a younger age. Bates cl al™”
argucd that, although the reason for
the cxcess risk of testicular cancer
remained obscure, the possibility that
this is a chance finding was low
hecause incident studies arc likely
the most appropriate methodology
for a cancer that can be successiully
Lreated.

The 1990 findings of Howe and
Burch® showing a posilive associa-
tion wilh brain cancer and malignant
melanoma arc compatible with our
results becausc both had significant
summary risk estimates. Brain can-
cers were initially scored as probable
but then downgraded to possible (Ta-
ble 5). There was inconsisiency
among the SMR studies, which re-
sulted in the use of the random-
effects model, yielding confidence
limils that werc not significant
(SMR = 1.39, 95% Cl = (.94-2.06)
(Table 2). This inconsistency primar-
ily resulted from the Baris et al
swdy,' " a 61-year follow up of 7789
fircfighters demonstrating a marked
reduction in brain cancer (SMR =
061, 95% Cl = 031-1.22). As

nolcd in Table 4, however, there
were elevated, but not significant,
risk estimates across all studics, ic,
mSMR, mPMR, mRR, and mSIR.
This consistency is all the more re-
markuble given the diversity of rare
cancers included in the category
“brain and nervous sysiem.” Further-
more, Lhere was a 2003 swudy by
Krishnan et al®™ published after our
search that examined adult gliomas
in the San Francisco Bay area of men
in 35 occupational groups. This
study showed that male firefighters
(six cases and onc contyol) had the
highest risk with an odds ratio of
5.9, although the confidence inter-
vals were wide and not significant. In
addition, malignant melanoma was
also initially scored as probable but
was downgraded Lo “possible” due Lo
study type. This study downgrade
was related to the negative SMR ( -}
and reliance primarily on a PMR
study. Thus, in conclusion, our study
supports & probable risk for multiple
myeloma, similar to Howe and
Burch’s® findings, and a possible
association with malignant mela-
noma and brain cancer.

Summary

We implemented a qualitative
three-criteria assessment in addition
lo the quantitative meta-analyses.
Based on the more traditional quan-

ratio: SIR, standardized incidence ratio.

fitative summary risk estimates
shown in Table 3, 10 cancers, or half,
were significantly associaied with
fircfighting after the threc cancers
were designated as a probable risk
based on the quantiiative meta-risk
estimates and our three crileria as-
sessment. These cancers included
multiple myeloma, non-Hodgkin’s
Jymphoma, and prostate. A recom-
mendation is also made, however,
for upgrading lesticular cancer Lo
“probable” based on the twolold ex-
cess summary risk estimate and the
consistency among the studies. Thus,
firefighter risk for these four cancers
may be related to the direct effect
associated with exposures Lo com-
plex mixtures, the roules of delivery
to target organs, and (he indirect
cffects associated with modulation of
biochemical or physiologic path-
ways. In anecdotal conversations
with firefighters, they report that
their skin, including the groin area, is
frequently covered with “black
sooL.” It is noteworthy that testicular
cancer had the highest summary visk
estimate (2.02) and skin cancer had a
summary risk estimale (1.39) higher
than prostate (1.28). Certainly, Edel-
man ci al” at the World Trade Center,
although under extrerne condilions,
revealed the hazards that firefighters
may encounter only because air
monitoring was performed.
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As noted in Table 1, approxi-
mately half of the studies used local,
rcgkn1m,<N'nadunalgcncrulpopula—
tion rates as (he comparison group.
These general population compari-
son groups raise concern thal the
actual risk of cancer may be under-
estimated due to the healthy worker
effect related to the strict physical
enlry requirements, mainlenance of
better physical [itness, and good
health benefits. The healthy worker
bias may be less proru)unCC(L how-
ever, for cancer than for conditions
cuch as coronary heart discase. Fur-
thermore, tobacco is unlikely a con-
ributing factor becausc ciancers
known Lo be associated with smok-
ing such as lung, bladder, and farynx
were designated as unhikely and cor-
responding summary risk estimates
were not stalistically significant.

These lindings ol an association of
firefighting with significant increased
risk for specific types of cancer raise
red flags and should encourage further
development of innovalive comfort-
able proteclive eguipment allowing
fircfighters 10 do Lheir jobs without
compromising their health. Studies are
especially needed that betier character-
jze the type and cxtent of ecxposures Lo
(irefighters.
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